Ten chili (Capsicum frutescens L.) genotypes were subjected to an experiment for analysis of stability and genotype-environment interaction in the randomized complete block design with four environments using additive main effect and multiplicative interaction (AMMI) model. Parameters for experimentation were number of fruits per plant, fruit diameter, leaf area index, fruit length without panicle, number of seeds per fruit and individual plant fruit yield. A significant mean sum of square due to Genotype (G), Environment (E) and G × E interaction for all the characters was showed by combined ANOVA, suggested differential responses of genotypes in different environments. The AMMI biplots for yield indicated that BD-2059 and Bogura Jatt were stable across the environments. Genotype Kalo Dhawna morich had positive interaction effect was better suited to the favourable environment for most of the traits. According to AMMI characterisation, Env-2 was found highly favourable for better expression of the studied traits for all the genotypes.
INTRODUCTION
Chili is an important vegetable-cum-spice crop worldwide. It is an important cash crop of Bangladesh too (Ahmed and Haque, 1980) . BARI has released only two varieties of chili, of which BARI Morich-1 is suitable for greater northern districts and other is only for the kharif season (Krishi Projukti Hatboi, 2015) . But those can be seen minor in the farmer's field since they show less productivity in the variable environment like southern region (Sultana, 2007) . Fertilizer dose is the probable cause of that problem. A decreasing trend in chilli production was found since 2011 (BBS, 2013) . Lack of suitable varieties and increasing production cost are mostly the cause (Sultana, 2007) . A country like Bangladesh, where the crops are grown in varied environmental conditions, stable genotypes are particularly of great importance. Stability is a genetic character of varieties which can be measured by determining interactions of varieties with locations, seasons (Tehlan, 1973) and different fertilizer rates (Gonsalves et al., 2009; Ma et al., 2004) . Before recommending a new line to the farmer, it must be evaluated in trial testing the value of cultivation and use where fertilizer rate recommended is important (Gonsalves et al., 2009) .
Various statistical techniques have been developed for describing G x E interaction, measuring genotypes stability, estimating the interaction level of genotypes to environments and eliminating unexplainable and extraneous variability in data content as much as possible. Among them, Finlay and Wilkinson model, (1963) and Eberhart and Russel model (1966) are noteworthy, where more efficient model to determine high yielder and most stable genotypes in multi-environment trials in comparison of previous procedures is AMMI model (Gauch, 1993) . The biplot analysis is possibly the most powerful interpretive tool in AMMI model. G x E interaction is multivariate in nature. A yield trial that may have a G x E interaction, the appropriate statistical analysis is offered by AMMI model (Zobel et al., 1988) . Encouraged by the above view, this study was undertaken to identify high yielder genotypes and to find out the most suitable fertilizer dose for chili to be adapted.
MATERIALS AND METHODS
Ten chili genotypes from different sources were used as experimental materials. This experiment was done at experimental field of Sher-e-Bangla Agricultural University, Dhaka-1207, Bangladesh. The experiment was scheduled in the randomized complete block design (RCBD) consisting three replications. The soil is characterized by brown to red, slight to strongly acid, finely structured, friable clay loams to clays (BBS, 2013) . The field plot (20.5 m × 8 m) was divided into 12 blocks (4×3) sized 4.25 m × 1.6 m, where treatments were randomly assigned. Then in each block, the genotypes were assigned randomly in 10 lines maintaining spacing 50 cm × 45 cm. Environments were created by different fertilizer doses, these are Urea + TSP + MOP + Gypsum+ ZnO (Env-1), Urea + TSP + MOP + Cow dung (Env-2), Urea + TSP + MOP + Boric Acid (Env-3) and Cow dung (Env-4). Cow dung, Urea, TSP, MOP, Gypsum, ZnO and Boric Acid were used as per dose of 15 ton/ha, 275 Kg/ha, 200 Kg/ha, 200 Kg/ha, 20 Kg/ha, 10 Kg/ha and 10 Kg/ha respectively. Data were collected as per standard procedure on number of fruits per plant, fruit diameter, leaf area index, fruit length without panicle, number of seeds per fruit and individual plant fruit yield. Standard agronomic practices were followed as per soil test and required plant protection measures were taken.
The ANOVA was used and by AMMI model G x E interaction was estimated (Zobel et al., 1988) . With this model, the contribution of every genotype and environment to G x E interaction can be measured by using the biplot graph where means of yield are plotted against IPCA1 scores (Zobel et al., 1988) . The parameters of stability, the regression coefficient (bi) and the deviation from regression (S 2 di) were measured by Eberhart and Russell model (1966) . The significance of differences between bi value and unity was tested by t test, among S 2 di and zero by F test (Eberhart and Russell, 1966) . In data analysis, cropstat 7.2 version statistical analysis package software (AMMI, SSA and ANOVA models) were used according to Zobel et al. (1988) .
RESULTS AND DISCUSSION
The chili genotypes showed significant variations for all the characters indicating, the presence of genetic variability among the genotypes. The highly significant mean sum of squares owing to environments for all the traits indicated highly diverse environments and suitability to recommend fertilizer dose for the cultivation of genotypes. The G x E interactions for all the traits were found significant, which indicated significant differences between regression coefficients and that the extension of data for further stability analysis (Table 1) . G x E interaction effects can be divided into three elements, ie, IPCA1, IPCA2 and IPCA3, here IPCA1 was different significantly. IPCA2 and IPCA3 were not significantly different. G x E (linear) has been found significant for all the traits indicated the linear relationship in the exposure of fruit yield with various environments (Table 1) . These results are in agreement with the findings of Farshadfar and Sutka (2003) .
The genotypes showing positive phenotypic index (Pi) with insignificant regression coefficient (bi) and deviation from regression (S 2 di), indicates the stability of genotypes over the environments (Kulsum et al., 2013) . Kalo Dhawna morich showed positive Pi, significant bi and insignificant S 2 di indicating the high responsiveness to the rich environments. DBP 14 5G (China) and Suryamukhi showed negative phenotypic index, significant regression coefficient and insignificant S 2 di indicated the high responsiveness to the poor environments (Table 2) . Tembhurne et al. (2013) found similar results on number of fruits per plant in chili. Positive Pi represents the higher fruit diameter and negative represents the lower. BD-2059 showed positive Pi, insignificant bi and S 2 di indicated genotype stability over all the environments with comparatively high fruit diameter. Any highly responsive genotypes couldn't be found to any environment. Tembhurne et al. (2013) found RCH-12 to be stable in case of fruit diameter in chili. * and ** indicates significance at 0.05% and 0.01% level, respectively.
For leaf area index, the genotype DBP 14 5G showed positive phenotypic index (Pi), insignificant regression co efficient (bi) and deviation from regression (S 2 di) indicated genotype stability over all the environments (Table 2) . Any highly responsive genotypes couldn't be found to any environment. Most of the genotypes showed low fruit length without panicle, only three showed higher fruit length. The genotype BD-2059 showed positive phenotypic index (Pi), insignificant bi and S 2 di indicating stable genotype over all the environments (Table 2) . Kalo Dhawna morich showed positive phenotypic index (Pi), significant regression coefficient (bi) and insignificant deviation from regression (S 2 di) indicated the high responsiveness for rich environment. BD-2122 showed negative Pi, significant bi and insignificant S 2 di indicated their suitability to the poor environment. These results are in agreement with Kulsum et al. (2013) .
In the case of number of seeds per fruit, Suryamukhi showed positive phenotypic index (Pi), nonsignificant regression coefficient (bi) and deviation from regression (S 2 di) which indicates that this genotype was stable over all the environments (Table 2) . Bullet showed positive phenotypic index (Pi), significant regression coefficient (bi) and insignificant deviation from regression (S 2 di) indicated their suitability to the rich environment. In the case of fruit yield (g) per plant (Table 2) , the genotypes BD-2059 and Bogura Jatt showed positive phenotypic index (Pi), insignificant regression coefficient and deviation from regression indicated comparatively stable genotype over all the environment. Five genotypes showed positive phenotypic index where others showed negative. Env-2 was found rich for higher fruit yield. Suryamukhi showed negative phenotypic index, significant Bi and insignificant deviation from regression indicated the suitability to the poor environment. These results agreed with the findings of Kulsum et al. (2013) , Silveira and Vencovsky (1983) in case of rice grain yield. Pi = Phenotypic index, bi = Regression coefficient, S 2 di = Deviation from regression, * indicates slopes significantly different from the slope for the overall regression which is 1.0 Environmental indices (Ij) in Table 3 indicate that, Env-2 was highly favorable for chili production for all the traits where Env-4 was found poor. Poor or unfavorable and Rich or favourable environments are reflected by negative and positive environmental index (Ij) for a character, respectively. Thus the Env-2 and Env-3 were found rich for higher fruit length and number of seeds per fruit. Env-1 and Env-2 were found rich for the higher number of fruits per plant and higher fruit diameter. Rapid fluctuation in temperature (average 20.6 0 C) with an average rainfall (14 cm) during experimental period slowed the growth and caused early maturity and reduced yield. Although Kalo Dhawna morich and Bogurar lomba Morich were good yielders. The analysis by AMMIgives us a graphical image or biplot ( Fig. 1) to make a summary of information on the main effects and the first interaction principle component axis score (IPCA1) of both genotypes and environments, at a time (Kempton, 1984) . Displacement along the ordinate exhibits distinctions in interaction effects, where displacement along the abscissa reflects distinctions in main effects. The AMMI expected yield for any genotype and environment combination can be calculated from Fig. 1 following standard procedures suggested by Zobel et al. (1988) .
Genotypes as well as environments, which situates on the identical parallel line, relative to the ordinate, have identical yields. Genotype or environment on the right side of the axis midpoint is high yielder than the counterpart. The genotypes Bullet, Bogurar lomba Morich and Kalo Dhawna morich were high yielding, with BD-2059 and Bogura Jatt being the moderate yielder. In contrast, Bogurar Jhal Morich, Balojhuri, DBP 14 5G (China), Suryamukhi and BD-2122 identified as low yielder. AMMI1 estimation had deep effect on producing ranking patterns clearly and tabular. On this basis BD-2059 and Bogura Jatt could be taken into consideration for more adaptability to a wide range of fertilizer dose than other genotypes. In case of, AMMI2 interaction biplot (Fig. 2) , the more the position of a genotype towards the coordinate center, the more stable it is and vice versa. In that sense, BD-2059 and Bogura Jatt is also stable over environments. Dixon and Nukenine (1997) obtained a similar result in cassava genotypes. Genotypes which have a near zero IPCA1 score will endure meagre interaction over environments and vice versa with environments (Crossa et al., 1991) . Positive specific interaction effects were produced by amalgamations with IPCA1 scores of the identical chord of Kalo Dhawna morich and Env-2.
